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Adenocarcinoma of the Gastroesophageal Junction
Influence of Esophageal Resection Margin and Operative Approach

on Outcome

Andrew P. Barbour, MD, PhD,* Nabil P. Rizk, MD,* Mithat Gonen, PhD,† Laura Tang, MD, PhD,‡
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Objective: To determine whether the length of esophageal resection
or the operative approach influences outcome for patients with
adenocarcinoma of the gastroesophageal junction (GEJ).
Summary Background Data: While R0 resection remains the
mainstay of curative treatment of patients with GEJ cancer, the
optimal length of esophageal resection remains controversial.
Methods: Patients with Siewert I, II, or III adenocarcinoma who
underwent complete gross resection without neoadjuvant therapy
were identified from a prospectively maintained database. Proximal
margin lengths were recorded ex vivo as the distance from the gross
tumor edge to the esophageal transection line. Operative approaches
were grouped into gastrectomy (limited esophagectomy) or esoph-
agectomy (extended esophagectomy).
Results: From 1985 through 2003, 505 patients underwent R0/R1
gastrectomy (n � 153) or esophagectomy (n � 352) without
neoadjuvant treatment. There were no differences in R1 resection
rate, number of nodes examined or operative mortality between
gastrectomy and esophagectomy. Univariate analysis found �3.8
cm to be the ex vivo proximal margin length (approximately 5 cm in
situ) most predictive of improved survival. Multivariable analysis in
patients who underwent R0 resection with �15 lymph nodes exam-
ined (n � 275) found the number of positive lymph nodes, T stage,
tumor grade, and ex vivo proximal margin length �3.8 cm to be
independent prognostic factors. Subset analysis found that the ben-
efit associated with �3.8 cm margin was limited to patients with T2
or greater tumors and �6 positive lymph nodes.
Conclusions: In patients not receiving neoadjuvant therapy, the goal
for patients with adenocarcinoma of the GEJ should be R0 resection
including at least 15 lymph nodes, preferably with 5 cm of grossly
normal in situ proximal esophagus for those with �6 positive lymph
nodes. The operative approach may be individualized to achieve
these goals.

(Ann Surg 2007;246: 1–8)

Adenocarcinoma of the gastroesophageal junction (GEJ)
remains a significant clinical problem that is increasing in

incidence1 and is associated with a poor prognosis.2–4 The
majority of patients present with advanced disease and less
than 50% undergo curative treatment.5 Siewert and Stein
have proposed a clinical classification system, types I to III,
for GEJ cancer to aid clinicians in developing treatment
strategies for this heterogeneous clinical entity.6

While surgical extirpation of the primary tumor re-
mains the mainstay of curative treatment of patients with GEJ
cancer, the extent of esophageal resection remains controver-
sial. Tumor infiltration of the proximal or distal resection
margin has been associated with diminished survival in most
series.7–10 To minimize the risk of positive proximal margins,
resection of up to 10 cm of grossly normal esophagus prox-
imal to the most cephalad extent of the primary tumor has
been advocated by several groups.2,7,9,11,12 However, proxi-
mal resection margin infiltration occurs more frequently in
palliative resections13 and does not universally translate to
poor survival in curative resections.14,15 Shorter proximal
margins have also been correlated with local recurrence in
both proximal gastric cancer16 and squamous cell carcinoma
of the esophagus,9,17 but the relationship between extended
esophageal resection and survival has not been well studied.

The operative approaches to patients with cancer of the
GEJ vary widely and include esophagectomy via transtho-
racic (TTE) or transhiatal (THE) approaches, total gastrec-
tomy (TG) or proximal gastrectomy via laparotomy or left
thoracoabdominal incisions.18,19 Extended resections,20,21 in-
cluding D2 lymphadenectomy,22 have been proposed in an
attempt to reduce the incidence of positive margins, improve
loco-regional control and survival. Lymph nodes in the lower
mediastinum are involved in up to 40% of cases.3,23–26

However, the majority of positive nodes associated with
Siewert type II and III cancers involve the paracardial, left
gastric, and lesser curve nodes, which are included in both
abdominal and thoracic approaches and the incidence of
lymph node positivity is not influenced by the surgical ap-
proach.27 The majority of patients experience hematogenous
recurrence and lymph node recurrences that are predomi-
nantly found in para-aortic or porta hepatic nodes, stations
that are not included in either operation.28
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Most series do not demonstrate a survival benefit for
one operative approach over another.29 Large prospective
series have not shown superior oncologic outcomes for total
gastrectomy compared with proximal gastrectomy for proxi-
mal gastric and GEJ cancer,15,30 nor has esophagectomy been
found to improve outcome over extended gastrectomy for
GEJ cancer.3 A recent randomized trial also failed to dem-
onstrate a clear benefit for extended transthoracic esophagec-
tomy over transhiatal esophagectomy.31 A Japanese random-
ized clinical trial of thoracoabdominal versus abdominal
approach for types II and III GEJ cancer did not demonstrate
any benefit for one approach above the other.32 However,
transthoracic procedures are associated with increased mor-
bidity33,34 and mortality3,33 compared with transabdominal or
transhiatal approaches.

This study was undertaken to determine whether the
extent of esophageal resection is associated with change in
survival for patients with Siewert types I, II, and III GEJ
adenocarcinoma treated by surgery without neoadjuvant ther-
apy. In addition, we evaluated the ability of the various
surgical approaches to achieve an appropriate margin (strat-
ified by location).

PATIENTS AND METHODS
A prospectively maintained esophagogastric cancer

database identified 867 patients with adenocarcinoma of
the GEJ treated by complete gross (R0 or R1) resection at
Memorial Sloan-Kettering Cancer Center from July 1985 to
November 2003. Adenocarcinoma of the GEJ was defined as
a tumor with the center within 5 cm proximal and distal of the
anatomic gastroesophageal junction. Patients with high-grade
dysplasia only (n � 32), those who underwent neoadjuvant
therapy (n � 320), and patients with incomplete operative
approach data (n � 10) were excluded. Demographic, patho-
logic, and treatment-related variables were prospectively re-
corded for the 505 study patients. Tumor location was further
classified according to the anatomic criteria described by
Siewert6: type I, �5 to �2 cm from the true cardia; type II,
�2 to 2 cm; and type III, 2 to 5 cm from the gastroesophageal
junction. Based on the anatomic location of the tumor center
described in the final pathology report, all tumors were
classified according to the above criteria and prospectively
entered into the database.

Surgical Approach
All patients had their primary tumors resected at the

Memorial Sloan-Kettering Cancer Center during the study
period. All operations were performed with curative intent.
Proximal gastrectomy was defined as resection of the proxi-
mal stomach with intra-abdominal esophagogastric anasto-
mosis (PG) or via left thoracoabdominal incision (thoracoab-
dominal) and total gastrectomy (TG) was the removal of the
entire stomach and proximal duodenum with intra-abdominal
esophagojejunal reconstruction. Esophagogastrectomy was
defined as resection of the proximal stomach and thoracic
esophagus via right thoracotomy (TTE) with esophagogastric
anastomosis in the chest (Ivor Lewis operation) or neck
(3-phase operation); or via transhiatal approach with anasto-
mosis in the neck (THE). The operative approaches were

grouped into gastrectomy (with limited esophagectomy), in-
cluding PG, TG, and thoracoabdominal procedures; or esoph-
agectomy (extended esophagectomy), including Ivor Lewis, 3
phase, and THE procedures. The choice of operation type was
based on the site of the tumor and surgeon preference with the
aim of removing the primary tumor in its entirety and its
draining lymphatics. Procedure-related mortality was defined
as death in hospital or death within 30 days of operation.

Pathologic Analysis
Tumor grade and stage were assessed by experienced

gastrointestinal pathologists and classified according to the
sixth edition of the TNM staging system of the American
Joint Committee on Cancer (AJCC) for both gastric and
esophageal cancer. Positive proximal and distal margins were
defined as microscopic tumor seen at the esophageal or
gastric transection margin submitted en face on final paraffin
sections. The specimen was stretched maximally and pinned
to a cork board before fixation in formalin for a minimum of
5 hours. Gross proximal and distal margins were recorded by
the pathologist after fixation and defined as the minimum
distance in centimeters from the gross proximal or distal edge
of the tumor and the proximal or distal line of transection,
respectively. There were 56 of 505 patients that did not have
complete pathologic assessment of the proximal and distal
margins, and these patients were excluded from the statistical
analyses. There were no significant differences in demo-
graphics, pathologic stage, or survival between patients with-
out complete margin data and those with complete margin
data (data not shown).

Statistical Analysis
Statistical analysis was carried out with SPSS for Win-

dows, version 12.0 (Statistical Package for the Social Sci-
ences, SPSS, Inc., Chicago, IL), SAS, version 9.0 (Statistical
Analysis System, Cary, NC) and R version 2.0 (www.
r-project.org). Continuous variables were expressed as me-
dian (range) and compared using the Wilcoxon test, whereas
categoric variables were compared using the �2 or Fisher
exact test. Follow up time was calculated from the date of
definitive surgery. Overall survival probabilities were esti-
mated by the Kaplan-Meier method, including postoperative
deaths, with differences in survival rates assessed using the
log-rank test to determine univariate significance. Factors that
were deemed of potential importance on univariate analysis
(P � 0.05) were included in the multivariate analysis. Pro-
portional hazards regression was used for multivariate anal-
ysis of these factors. Continuous variables that were signifi-
cant were categorized using the maximal �2 method.35

RESULTS
There were 505 patients that underwent complete gross

resection of Siewert types I (112 patients), II (276 patients),
or III (117 patients) invasive adenocarcinoma of the GEJ
without neoadjuvant therapy during the study period. A total
of 153 patients were treated by gastrectomy with limited
esophagectomy (15 total gastrectomy via laparotomy, 67
proximal gastrectomy via laparotomy, and 71 proximal gas-
trectomy via left thoracoabdominal approach) and 352 pa-
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tients underwent extended esophagectomy (241 Ivor Lewis
esophagogastrectomies, 93 THE, and 18 3-phase esophago-
gastrectomies).

The male-to-female ratio was 4:1 and the median age
was 65 years (range, 25–90 years). The clinicopathologic
characteristics of the patients are displayed in Table 1. There
were 23 (4.6%) procedure-related deaths with the majority of
patients (90%) undergoing R0 resection. The median overall
survival (OS) was 27 months for the entire cohort and the
median follow-up was 52 months (range, 0–219 months) for
survivors.

Extent of Esophageal Resection
The median length of esophagus resected proximal to

the most cephalad extent of the gross tumor was 3.5 cm
(range, 0.0–16.0 cm) for the entire group and the median
distal gastric margin length was 4.7 cm (range, 0.0–19.5 cm).
The median length of grossly normal proximal esophagus
was 0.7 cm (range, 0.0–8.0 cm) for the 14 patients with
microscopic infiltration of the proximal margin compared

with 3.5 cm (range, 0.2–16.0 cm) for the 436 patients with
negative proximal margins and complete margin length data
(Table 2, P � 0.0001, Wilcoxon). Among 14 patients with
microscopic tumor infiltration of the proximal margin, 13
patients had gross proximal margins �2.5 cm. However, 1
patient had a microscopic positive proximal margin with a
gross proximal margin length of 8 cm.

Siewert type III tumors were resected with a median
length of 2.5 cm (range, 0.0–13.5 cm) of grossly normal
proximal esophagus, compared with a median length of 3.5 cm
(range, 0.0–13.0 cm) for type I tumors (Table 2, P � 0.05,
Wilcoxon) and a median length of 4.0 cm (range, 0.1–16.0 cm)
for type II tumors (Table 2, P � 0.0001, Wilcoxon). The
difference between proximal margin lengths for Siewert types
I and II tumors was not statistically significant (P � 0.13,
Wilcoxon).

Survival analyses were performed for patients that
underwent curative (R0) resection with �15 lymph nodes
examined to avoid any influence from procedures performed
with palliative intent or understaging. Cox regression analysis
of 275 patients undergoing R0 resection with �15 lymph
nodes examined and complete margin data (33 of 308 patients
following R0 resection with �15 lymph nodes examined did
not have complete data) revealed that gross proximal margin
length as a continuous variable was significant predictor of
overall survival (P � 0.0001). Univariate analysis did not
find distal margin length to be associated with outcome (P �
0.77, Cox regression). Change-point analysis and maximal �2

statistic found 3.8 cm to be the gross proximal margin length
that was most predictive of overall survival (OS). Kaplan–
Meier survival analysis (Fig. 1) demonstrated that patients
with grossly normal proximal margin lengths greater than 3.8
cm experienced significantly improved survival (median OS,
54 months; 5-year OS, 47%) compared with patients whose
proximal margin length was less than or equal to 3.8 cm
(median OS, 29 months; 5-year OS, 29%, P � 0.0004,
maximally selected log rank). To control for close distal
margins as a potentially confounding variable, Kaplan–Meier
survival analyses were repeated excluding patients with gross
distal margins �1.0 cm and �2.0 cm and found gross
proximal margin length �3.8 cm remained a significant
predictor of survival (data not shown).

Operative Approach
Having established an association between proximal

margin length and outcome, we sought to examine the rela-

TABLE 1. Demographics of 505 Patients With Siewert Type
I, II, and III GEJ Cancer Undergoing Complete Gross
Resection (R0/R1)

Clinicopathologic Factor Total Group �no. (%)�

Male 411 (81)

Female 94 (19)

Age (median) 65

Postop. death 23 (4.6)

Siewert type I 112 (22)

Siewert type II 276 (55)

Siewert type III 117 (23)

Proximal gastrectomy (PG) 15 (3)

Total gastrectomy 67 (13)

PG via thoracoabdominal 71 (14)

Ivor Lewis 241 (48)

THE 93 (18)

3-phase esophagectomy 18 (4)

pT stage 1 110 (22)

pT stage 2 109 (22)

pT stage 3 279 (55)

pT stage 4 7 (1)

pN stage 0 196 (39)

pN stage 1 202 (40)

pN stage 2 83 (16)

pN stage 3 24 (5)

AJCC stage I 156 (31)

AJCC stage II 99 (19)

AJCC stage III 220 (44)

AJCC stage IV 30 (6)

R1 49 (10)

Positive proximal margin 14 (3)*

Positive distal margin 5 (1)*

Positive deep margin 32 (6)

Proximal margin �3.8cm 216 (43)

�15 nodes removed 336 (67)

*Two patients had both proximal and distal margins involved.

TABLE 2. Ex Vivo Proximal Margin Lengths According to
Esophageal Transaction Line Tumor Infiltration and Siewert
Type

Clinicopathologic Factor
Proximal Margin (cm)

�median (range)�

Negative proximal margin 3.5 (0.2–16)

Positive proximal margin 0.7 (0.0–8.0)

Siewert type I 3.5 (0.0–13.0)

Siewert type II 4.0 (0.1–16.0)

Siewert type III 2.5 (0.0–13.5)
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tionship between proximal margin and operative approach.
Gastrectomy with limited esophagectomy resulted in signif-
icantly shorter proximal margins for Siewert I (median, 1.75
cm; range 0.3–8.0 cm), Siewert II (median, 2.0 cm; range,
0.1–6.5 cm) and Siewert III tumors (median, 1.5 cm; range,
0.2–7.0 cm) compared with extended esophagectomy (me-
dian, 4.0; range, 0.0–13.0 cm for type I, P � 0.009; median,
5.5 cm; range, 0.3–16.0 cm for type II, P � 0.0001, Wil-
coxon; and median, 5.5 cm; range, 0.0–13.5 cm for type III,
P � 0.0001, Wilcoxon). The majority of patients with Siew-
ert type I (90%) and type II (80%) underwent extended
esophagectomy (Table 1, P � 0.0001, Fisher exact test). In
contrast, 52% of patients with Siewert type III tumors were
treated by gastrectomy with limited esophagectomy.

There were no significant differences between the gas-
trectomy with limited esophagectomy and extended esopha-
gectomy groups with respect to gender, procedure-related
mortality (Table 3), or the number of lymph nodes removed
(Table 4). Similarly, there was no significant difference in the
proportion of gastrectomy and esophagectomy patients that
had �15 nodes examined (63% and 68%, respectively; Table
3). However, the gastrectomy patients were statistically sig-
nificantly older (Table 3, P � 0.004, Wilcoxon), higher
pathologic stage (Table 3, P � 0.0001, �2), and had signifi-
cantly more positive lymph nodes (Table 4, P � 0.003,
Wilcoxon) compared with the extended esophagectomy
group. There was no difference in the rate of R1 resections
between the 2 surgical approaches. Furthermore, when the
involved margins were analyzed by site, the incidences of
microscopically positive proximal, distal or deep margins
were similar for the 2 surgical approaches (Table 3).

Analysis of survival was performed on the 275 patients
that underwent curative (R0) resection with �15 lymph
nodes examined. Figure 2 reveals that the gastrectomy with
limited esophagectomy group had statistically significantly

poorer OS (median, 22 months; 5-year OS, 27%) compared
with the extended esophagectomy group (median, 37 months;
5-year OS, 37%, P � 0.02, log rank) when not corrected for
stage.

Multivariable Survival Analyses
Actuarial survival analyses by the Kaplan–Meier

method did not find Siewert type (Table 5, P � 0.38, log
rank) to be associated with OS for R0 resected patients with
�15 lymph nodes examined. Multivariable analysis was then
performed for the 275 patients that underwent R0 resection
with �15 lymph nodes examined and no missing variables
(33 of 308 patients with �15 lymph nodes examined did not
have complete data). A proportional hazards regression
model was developed using prognostic variables that have
been validated in the development of a nomogram for gastric
and GEJ cancer,36,37 including age at diagnosis, gender, pT
stage (AJCC), tumor size (cm), number of positive lymph
nodes, number of negative lymph nodes, and tumor grade in
addition to Siewert type, operative approach and gross prox-
imal margin �3.8 cm (Table 5). This analysis found number
of positive nodes (HR, 1.06 per positive node; 95% CI,
1.04–1.09, P � 0.01), AJCC T stage (Table 6, P � 0.01),
proximal margin �3.8 cm (HR, 0.69; 95% CI, 0.50–0.97, P �
0.03) and poor differentiation (HR, 1.44; 95% CI, 1.01–2.04,

FIGURE 1. Esophageal transection greater than 3.8 cm
above the most cephalad extent of the tumor was highly
predictive of improved OS for 275 patients who underwent
R0 resection with �15 lymph nodes removed (P � 0.0004,
log rank).

TABLE 3. Clinicopathologic Variables for Patients Treated
by Gastrectomy Compared With Those Treated by
Esophagectomy

Clinicopathologic Factor Gastrectomy Esophagectomy P

Male 119 (78) 292 (83) 0.117

Female 34 (22) 60 (17)

Age (yr) (median) 68 65 0.004

Postop. death 7 (4.6) 16 (4.5) 0.988

Siewert type I 12 (8) 100 (28) �0.001

Siewert type II 77 (50) 199 (57)

Siewert type III 64 (42) 53 (15)

pT stage 1 23 (15) 87 (24) 0.004

pT stage 2 29 (19) 80 (23)

pT stage 3 96 (63) 183 (52)

pT stage 4 5 (3) 2 (1)

pN stage 0 49 (32) 147 (42) 0.008

pN stage 1 58 (38) 144 (41)

pN stage 2 34 (22) 49 (14)

pN stage 3 12 (8) 12 (3)

AJCC stage I 33 (22) 123 (35) 0.001

AJCC stage II 43 (21) 66 (19)

AJCC stage III 70 (46) 150 (43)

AJCC stage IV 17 (11) 13 (4)

R1 14 (9) 35 (10) 0.782

Positive proximal margin 7 (5) 7 (2)* 0.136

Positive distal margin 1 (1) 4 (1)* 0.813

Positive deep margin 6 (4) 26 (7) 0.167

Proximal margin �3.8 cm 15 (10) 201 (57) �0.001

�15 nodes removed 96 (63) 240 (68) 0.218

Total 153 352

*Two patients had both proximal and distal margins involved.
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P � 0.04) and to be independently associated with survival
(Table 6). The surgical approach was not an independent
predictor of survival. To control for close distal margins as a
potentially confounding variable, survival analyses were re-
peated excluding patients with gross distal margins �1.0 cm
and found gross proximal margin length �3.8 cm remained a
significant predictor of survival (data not shown).

Having established that proximal margin length was of
prognostic significance for adequately staged R0 patients
treated by surgery alone, we sought to identify patient sub-
groups for whom the benefit was maximized and those for
whom the proximal margin was not of prognostic signifi-
cance. First, impact of proximal margin length on OS for the
63 patients with T1 tumors was analyzed. Both univariate
(Fig. 3, Kaplan–Meier method, P � 0.37) and multivariable
analysis (HR, 2.00; 95% CI, 0.54–7.41, P � 0.25, Cox
method) found that proximal margin length �3.8 cm was not
a prognostic variable for T1 tumors. Second, we examined
the relationship between lymph node status and proximal
margin length for patients with T2 or greater tumors. Multi-
variable analysis found gross proximal margin length �3.8
cm was a significant prognostic factor for all patients with

�T2 tumors (n � 212) that underwent R0 resection with �15
nodes examined (HR, 0.67; 95% CI, 0.47–0.95, P � 0.03,
Cox method). For the 154 patients with �6 positive lymph
nodes (N0 or N1 by AJCC gastric staging system), gross
proximal margin �3.8 cm remained a significant prognostic
factor on both univariate (Fig. 4a, P � 0.0001, log rank) and
multivariable analyses (HR, 0.45, 95% CI, 0.29–0.71, P �
0.01, Cox method). However, the extent of proximal margin
carried no prognostic significance for the 58 patients with �6
positive lymph nodes, that is, AJCC N2 disease or greater
(Fig. 4b, P � 0.48, log rank).

DISCUSSION
Irrespective of the surgical approach, complete removal

of the primary tumor and its lymphatic drainage has to be the
primary goal of surgical treatment of these tumors. However,
the extent of esophageal resection proximal to the primary
tumor and the optimal surgical approach have yet to be
defined. While many investigators have evaluated the impact
of surgical approach on outcome, the majority have focused
on the radicality of resection. The impact of proximal margin
length on outcome has been less well studied. This study was
undertaken in an attempt to define the association between the
extent of proximal esophageal resection on outcome for
patients with Siewert types I, II, and III adenocarcinoma of
the GEJ because this is the margin most dependent on the
operative approach. We focused our analyses on a homoge-
neous population of patients with adenocarcinoma of the GEJ
treated by surgery alone. Overall, we found that short esoph-
ageal margins were associated with microscopically positive
proximal margins and grossly negative ex vivo esophageal
margins �3.8 cm were associated with a favorable outcome
for patients with Siewert types I, II, and III tumors following
R0 resection with �15 lymph nodes removed. Further anal-
ysis revealed that the association between improved outcome
and extended esophageal margin was confined to those pa-
tients with greater than T1 tumors and less than 7 positive
lymph nodes.

The incidence of microscopically positive (R1) proxi-
mal resection margins in our series was 3%, comparing
favorably with the estimated incidence of 2.5% to 58% for
patients with adenocarcinoma of the GEJ undergoing surgery
with curative intent.8,12,38–40 Positive proximal resection
margins are associated with poor prognosis in esophagogas-
tric cancer,7 particularly in patients with early to intermediate

TABLE 4. Margin and Lymph Node Variables for 505 Patients With Siewert Type I, II, and III GEJ Cancer Undergoing
Complete Gross Resection (R0/R1)

Surgery
Nodes Removed
�median (range)�

Nodes Positive
�median (range)�

Proximal Margin (cm)
�median (range)�

Distal Margin (cm)
�median (range)�

Proximal or total gastrectomy (n � 82) 19 (1–45) 3 (0–29) 1.8 (0.1–7.0) 5.5 (0.0–19.5)

Thoracoabdominal (n � 71) 17 (4–66) 2 (0–21) 2.0 (0.3–8.0) 4.0 (0.8–13.8)

Gastrectomy group (n � 153) 18 (1–66) 2 (0–29)* 2.0 (0.1–8.0)† 4.9 (0.0–19.5)

Esophagectomy group (n � 352) 19 (1–61) 1 (0–29)* 5.0 (0.0–16.0)† 4.7 (0.0–16.5)

Total 19 (1–66) 1 (0–29) 3.5 (0.0–16.0) 4.7 (0.0–19.5)

There were no significant differences between groups with respect to number of nodes removed or distal margin lengths: *P � 0.001; †P � 0.001 (Wilcoxon).

FIGURE 2. Overall survival by operative approach (gastrec-
tomy vs. esophagectomy) in 275 patients with �15 lymph
nodes removed that underwent R0 resection, not stratified
by stage (P � 0.01, log rank).
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stage disease.15 As a result, resection of up to 10 cm of
macroscopically normal in situ esophagus above the tumor
has been recommended to ensure R0 resection on the assump-
tion that this will improve outcome.7,12,17,41,42 In keeping
with these findings, microscopic tumor infiltration of the
esophageal transaction line occurred in patients with shorter
proximal margins than patients with negative esophageal
margins, although a positive margin was found in one spec-
imen with an 8 cm length of grossly normal esophagus. To
determine the association between the length of grossly
normal esophageal resection margin and outcome, we ana-
lyzed survival only for those patients that underwent R0
resection to avoid any influence of the known negative
prognostic association with R1 resection.2,3,29 In addition, we
endeavored to control for the radicality of the surgery and
staging accuracy by analyzing survival only for those patients
that underwent R0 resection with �15 lymph nodes. Univa-
riable analysis found that resection of �3.8 cm of grossly

normal ex vivo proximal esophagus was associated with
improved survival for R0 patients that had �15 lymph nodes
removed. After correcting for stage, we have made the
observation that a macroscopically negative esophageal re-
section margin of greater than 3.8 cm was associated with a
statistically significant improvement in outcome for patients
treated by surgery alone that underwent R0 resection. Fur-
thermore, we repeated the analyses controlling for the effect
of close distal margins (�2 cm) and found that �3.8 cm
proximal resection margin remained an independent prognos-
tic factor. The margin lengths used in this study were mea-
sured on specimens that were stretched and pinned to a cork
board prior to formalin fixation and the fresh esophagus has
been shown to contract by up to 27% of its in situ after
fixation in this manner.43 Hence, the true in situ margin
length associated with improved survival for patients treated
by surgery alone would be at least 5 cm, rather than 3.8 cm.

It has been well documented that esophageal invasion
by proximal gastric cancer portends poor survival.26,44,45 This
occurs by direct submucosal tumor extension or discontinu-
ous esophageal lymphatic permeation by cancer that can be
found up to 4 to 6 cm beyond the tumor12 and the length of
extension is related to T stage.39,44 This has been the rationale
for extended esophageal resection because these patients may
not be truly R0 due to “skip” metastases.12 This study shows
a potential benefit for esophageal resection beyond the min-
imum length required to avoid a positive margin in R0
patients. The benefit associated with a grossly negative mar-
gin of 3.8cm ex vivo (ie, 5 cm in situ) appears limited to
patients with 6 or less positive lymph nodes, in keeping with
our previous observation that microscopic margin infiltration
is not an independent predictor of survival for patients with
gastric cancer and greater than 5 positive lymph nodes.15

Although number of patients with T1 tumors was small,
subset analysis of that group suggested that the benefit asso-
ciated with a proximal margin �3.8 cm (ie, 5 cm in situ)
appears limited to patients with more advanced T stage
(T2�), supporting the concept that the extended gross margin
may be encompassing submucosal tumor spread not apparent
to the surgeon. Preoperative T staging can be accurately
achieved by modalities such as endoscopic ultrasound and
this may permit a tailored approach to the extent of esopha-
geal resection for patients with GEJ cancer. Because of the
limitations of retrospective studies, it is impossible to know

TABLE 5. Patient and Treatment-Related Prognostic Factors
for Overall Survival on Univariable Analysis for 275 Siewert I,
II, and III Patients Undergoing R0 Resection With �15 Nodes
Removed

Patient Factor Median OS (mo) P

Operative approach 0.01

Gastrectomy 22

Esophagectomy 39

Proximal margin 0.0004

�3.8 cm 27

�3.8 cm 54

pT stage �0.0001

T1 NR

T2 39

T3 21

T4 3

pN stage �0.0001

N0 NR

N1 27

N2 18

N3 9

Histologic grade �0.0001

Poor 24

Other 54

Siewert type NS

I 43

II 33

III 38

Tumor size �0.0001

�3.5 cm 64

�3.5 cm 23

Age NS

�63 yr 36

�63 yr 39

Gender NS

Male 36

Female 48

NR indicates not reached; NS, not significant.

TABLE 6. Multivariable Analysis of Prognostic Factors for
275 Patients With GEJ Cancer Who Underwent R0 Resection
and Had �15 Lymph Nodes Sampled

Prognostic Factor
Hazard
Ratio 95% CI P

No. positive nodes 1.06 1.04–1.09 �0.01

T stage �0.01

pT1 0.35 0.19–0.64

pT2 0.55 0.36–0.84

pT3/4 1.00

Proximal margin �3.8 cm 0.69 0.50–0.97 0.03

Grade (poorly differentiated) 1.44 1.01–2.04 0.04
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whether the improved survival that accompanied longer
esophageal margins in this study was the result of the surgery
itself, or whether longer proximal margins represent a surro-
gate for some other tumor biology factor that results in
improved prognosis.

Limited esophagectomy (ie, gastrectomy) and extended
esophagectomy for Siewert types I, II, and III cancers in this
series were associated with very similar surgical outcomes.
There were no differences between the 2 surgical groups with
respect to the number of lymph nodes removed or the number
of patients that had �15 lymph nodes removed. The ability to
obtain an R0 resection was also equal between the 2 groups,
and there were no differences between the surgical approaches
regarding the site of microscopic margin involvement. In con-
trast to some other reported series,3 gastrectomy and esoph-
agectomy were associated with very similar postoperative
mortality rates of 4.6% and 4.5%, respectively. The principal
difference between the 2 operative approaches was that gas-
trectomy was associated with shorter proximal margins than
those undergoing esophagectomy for each Siewert type.

We have previously reported similar oncologic out-
comes for total and proximal gastrectomy45 and thus com-
bined these 2 approaches into the abdominal group. This
study found that PG via a left thoracoabdominal approach
was associated with similar numbers of lymph nodes re-
moved and length of grossly negative proximal esophagus
compared with PG or TG via laparotomy. Univariate analysis
demonstrated that patients in the gastrectomy with limited
esophagectomy group had significantly poorer disease-spe-
cific survival compared with the extended esophagectomy
group in this study. However, the limited esophagectomy
group was significantly higher stage than the extended esoph-
agectomy group and multivariate analysis did not find the
surgical approach to be an independent predictor of survival
for any subgroup of patients. These data suggest that, when
an adequate proximal margin is achieved for GEJ cancer, the
operative approach is not associated with an alteration in
overall survival. This finding is supported by the series
published by Siewert et al3 that did not find a difference in
survival between extended total gastrectomy and transtho-
racic esophagectomy for Siewert type II patients.

CONCLUSION
We have demonstrated that resection margins greater

than 3.8 cm of ex vivo proximal esophagus (ie, 5 cm of in situ
esophagus) is associated with improved outcome for patients
with Siewert types I, II, and III GEJ cancer that have under-
gone R0 resection with �15 lymph nodes examined follow-
ing surgery alone. Based on these data, the surgical goals for
patients with GEJ adenocarcinoma should be R0 resection,
including at least 15 lymph nodes, preferably with 5 cm of
grossly normal in situ esophagus proximal to the tumor.
These goals should be sought whenever possible but with the
realization that the presence of �6 positive lymph nodes
(AJCC N2 or N3 disease) will mainly determine outcome.
Thus, for Siewert type I tumors, we would recommend TTE
or THE, according to surgeon preference. However, for
Siewert types II and III, the operative approach may be
individualized to achieve these goals.
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FIGURE 3. Overall survival for T1 patients that underwent R0
resection with �15 lymph nodes removed treated by sur-
gery alone (n � 63, P � 0.37, log rank).

FIGURE 4. A, Overall survival for
T2� patients that underwent R0
resection with �15 lymph nodes
removed treated by surgery alone
with �6 positive lymph nodes
(n � 154, P � 0.001, log rank). B,
Overall survival for T2� patients
that underwent R0 resection with
�15 lymph nodes removed treated
by surgery alone with �6 positive
lymph nodes (n � 58, P � 0.48,
log rank).
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